Early reports suggested androgen/androgen receptor (AR) signals promote hepatocarcinogenesis. However, all antiandrogen clinical trials failed in advanced hepatocellular carcinoma (HCC) without reasonable explanations. We examined AR functions in HCC cancer metastasis in this study. We examined hepatic AR roles in HCC metastasis by comparing liver hepatocyte AR knockout and wildtype in a carcinogen-induced HCC mouse model. We examined tumor histology, cancer metastatic risks, and cancer survival in vivo, as well as cell anoikis and migration using primary hepatic tumor culture in vitro. We also examined therapeutic potentials of AR expression combined with the molecular targeting agent sorafenib in an HCC metastasis mouse model. We found a novel cancer phenotype in which mice lacking hepatic AR developed more undifferentiated tumors and larger tumor size at the metastatic stage. These mice also died earlier with increased lung metastasis, suggesting that hepatic AR may play dual yet opposite roles to promote HCC initiation but suppress HCC metastasis. Mechanistic dissection found that hepatic AR could enhance anoikis and suppress migration of HCC cells by way of suppression of p38 phosphorylation/activation and the nuclear factor kappa B (NF-jB)/matrix metallopeptidase 9 (MMP9) pathway, respectively. In addition, the in vivo preclinical trials concluded that a combination therapy of increased AR expression and reduced multiple-kinase inhibitor (sorafenib) exhibited better therapeutic efficacy. Conclusion: Our study demonstrates that AR could orchestrate intrahepatic signaling hierarchies and cellular behaviors, consequently affect HCC progression. Results from combination therapy shed light on developing new therapeutic paradigms for battling HCC at later metastatic stages. (HEPATOLOGY 2012;56:176-185) 
H epatocellular carcinoma (HCC) is ranked the seventh cause of cancer death in the United
States and fifth worldwide. 1 Androgen and androgen receptor (AR) signals have been suspected to regulate malignant transformation and progression of HCC. 2, 3 However, the amount of AR expression during HCC remains inconclusive, with reports showing AR is either up-or down-regulated. [4] [5] [6] [7] [8] [9] [10] Furthermore, clinical studies using antiandrogens had disappointing results, with few beneficial effects on patients, 11, 12 or even worse survival. 11 The tumor cell capacity to survive in a detached environment (circulation) or the ability to invade out of primary liver tumor, either homing to distant organs or micrometastasis to neighboring tissue, can be critical to cancer metastasis. The recurrence of HCC, even after hepatic transplantation surgery, could be due to re-homing of circulating HCC cells 13 residing in the vascular system. 14 Because the AR roles in HCC at later metastatic stages remain unclear, using a conditional knockout AR strategy we examined hepatic AR functions in HCC metastasis.
Materials and Methods
Patient Enrollment. From 2005 to 2010, primary HCC tumors of diameter less than 3 cm and metastatic tumors were collected. Detailed patient information is described in the Supporting data. Written informed consent was obtained from these patients. The studies were approved by the Institutional Review Board of Chang Gung Memorial Hospital, and China Medical University Hospital in Taiwan.
Maintenance of Animals, Generation of L-AR
2/y
Mice, and HCC Metastasis. All of the animal experiments followed the Guide for the Care and Use of Laboratory Animals of the U.S. National Institutes of Health and with approval from the Department of Laboratory Animal Medicine at the University of Rochester Medical Center. The strategy to generate flox-AR gene-targeting mice has been described. 7 Briefly, we mated male Alb-Cre 15 ( Cre recombinase under control of albumin promoter; Jackson Laboratories, B6.Cg-Tg(Alb-cre)21Mgn/J) mice with flox-AR/ AR heterozygous (AR flox/X ; B6) female mice to produce L-AR À/y males. Each type of transgenic mice expresses flox-AR and Cre alleles in tail genomic DNA. We genotyped 21-day-old pups from tail snips by polymerase chain reaction (PCR), as described. 16 To induce HCC in the mice liver, we injected 12-dayold pups with HCC initiator, N 0 -N 0 -diethylnitrosamine (DEN; 20 mg/kg/mice; Sigma-Aldrich). 17 The male DEN-injected mice were sacrificed at 30, 40, 50, and 60 weeks of age. The nude mice used for tail vein injection experiments were 6-week-old 20-25 g male nude mice (Charles River; Crl: CD1-Foxn1 nu Origin). Spontaneous HCC Development and Tail Vein Injection of HCC Cells for In Vivo Metastasis Assay and Sorafenib Treatments. The carcinogen-induced mice HCC procedure is further described in the Supporting Information and in Ma et al. 7 SKARÀ and SKARþ cells, parental and AR stable clone of SKhep1 cells, respectively, were cultured in a 150-mm flask, maintained in Dulbecco's modified Eagle's medium (DMEM) with 10% fetal calf serum (FCS), 1% P/S and 1% NEAA. When the cells reached %70%-80% confluence they were detached with detaching buffer (0.1 mg/mL trypsin, and 5 mM ethylenediamine-tetraacetic acid [EDTA]), and 2 Â 10 6 cells/100 lL were injected into the tail veins of 8-week-old athymic nude mice. One month after injection the mice were treated with/without sorafenib (Bayer; 30 mg/kg/mice; daily) for another month. The sorafenib stock solutions were prepared weekly at 4Â by dissolving 0.1 g in 4 mL solvent (Cremophor CL:ethanol ¼ 1:1) and stored at À20
C. For injection, we diluted the 4Â sorafenib with distilled H 2 O.
The experiments consisted of 24 nude mice, randomly assigned to four experimental groups, including placebo and sorafenib treatments in SKARÀ cells xenografted mice; placebo and sorafenib treatments in SKARþ cells xenografted mice. The dosage of sorafenib was based on the minimal dosages used in murine models of allograft transplantation. The mice randomized to the sorafenib treatment group were given 30 mg/kg/mice in 100 lL by gavage (orally, daily) starting on day 30 after tumor cells injection. All control mice received an equal volume of carrier solution by gavage. The mice were sacrificed 5 weeks after treatment. At necropsy we observed the visceral organs and calculated the tumor foci. Both primary tumors and metastatic site tumors were stained for AR and p-p38.
Other materials and methods (including maintenance of animals, generation of L-AR À/y mice, HCC metastasis, in vitro cell culture/maintenance, lentiviralbased gene delivery, reagents, histology, trichrome staining, immunohistochemistry, transfection and reporter gene assays, cell migration, anoikis assays, statistical analysis) are described in the online Supporting Materials.
Results
Mice Lacking Hepatic AR Developed an Earlier Onset of Metastatic HCC Tumors and Low Cancer Survival Rates. An early study suggested that hepatic AR promotes hepatocarcinogenesis during normal hepatocytes transformation and in mice treated with carcinogen-DEN. 7 This conflicted with the concepts of clinical trials using antiandrogens to treat HCC patients. 11, [18] [19] [20] [21] We therefore decided to further dissect the hepatic AR roles beyond the HCC initiation stage, especially at the HCC later metastatic stage, using mouse models similar to those we established earlier. 7 As expected, we found that male mice lacking liver hepatocyte AR (L-AR À/y , LARKO) developed HCC later as compared with wildtype littermates (AR þ/y , WT), which was consistent with previous studies. 7 Yet surprisingly, we found those L-AR À/y mice died earlier compared with AR þ/y mice (Fig. 1A) . Similar results with lower survival rates also occurred in female LARKO mice (L-AR À/À ) as compared with their WT littermates (Fig. 1A, right panel) . Measurements of the tumor growth (liver weight/body weight) in these mice found the HCC tumor growth in the WT mice is initially faster as compared with LARKO mice before 36 weeks. However, tumor size was not distinguishable between these two groups at 40 weeks, and the trend was even reversed at 50 and 60 weeks (Fig. 1B, left  panel) .
The malignancy of HCC in 60-week-old mice also showed more severe tumor appearance (red, vascularrich, soft) in the L-AR À/y livers as compared with livers with a less malignant appearance (pale, collagen-containing, hard) in AR þ/y mice (Fig. 1B, right panel) . Histological analysis of L-AR À/y HCC tumors of 60-week-old mice found an enlarged caniculi/sinusoid structure, malignant cytological pattern, and some necrotic, inflammatory lesions with an undifferentiated histological pattern, which is in sharp contrast to the well cytologically differentiated HCC in AR þ/y (Fig.  1C, upper panel) . Trichrome staining (extracellular matrix [ECM]/collagen deposition) also revealed more ECM deposition in the WT tumor liver, suggesting better liver healing in the WT mice as compared with L-AR À/y mice (Fig. 1C, lower panel) . In addition to the more malignant features observed in primary HCC tumors of L-AR À/y mice, we found higher lung metastatic risks in 60-week-old L-AR À/y mice as compared with WT mice (66.67% versus 14.29%) (Fig. 1D ). Hematoxylin and eosin (H&E) staining data in the normal portions of the lungs metastatic foci demonstrated normal healthy aveoli epithelia and intact cavity structure (Fig. 1E, upper panel) . In contrast, lung tumor lesions showed HCC-like cells in terms of size and stronger eosin staining ( AR Suppresses p38 Phosphorylation/Activation During HCC Progression. It is of great clinical relevance to seek the potential mechanisms by which the hepatic AR switches its function from promoting HCC initiation to suppressing HCC metastasis. We first examined AR expression in the human HCC patients (Supporting Table 1 ) and found highly expressed AR in the HCC primary tumors with sizes smaller than 3 cm diameter, which is in contrast to HCC metastatic tumors with much less AR expression (Supporting Table 2 ; Fig. 2A upper panels) . Interestingly, we found p38 phosphorylation, an important HCC therapeutic target, showed reverse expression compared to AR (Supporting Table 2 ; Fig. 2A lower panel).
An earlier study suggested that p38 phosphorylation/activation (p-p38) was enhanced during HCC progression. 22 We also found that p-p38 increased from 30 weeks to 40 weeks and 50 weeks in our mice treated with carcinogen-DEN (Fig. 2B) , and p38 was , with introduced lentiviral-based AR scAR or siRNA, and treated with/without anisomycin 10 lM (left panel). All the animal experiments were confirmed in at least three pairs of WT and LARKO littermates. Anoikis data were collected from three individual sets of experiments and standard deviation (SD) was applied to represent error bars. *Significant difference with P < 0.05.
highly phosphorylated/activated in more malignant HCC (Supporting Fig. 1B ). More important, we found loss of hepatic AR in L-AR À/y mice resulted in further increased p-p38 as compared with that in AR þ/y mice at the age of 50 weeks (Fig. 2B ). To confirm that loss of hepatic AR results in enhanced pp38, primary HCC cells isolated from L-AR À/y mice were cultured and infected with lentiviral-AR cDNA. Figure 2C shows that the addition of AR cDNA resulted in the suppression of p-p38. Together, the results from Fig. 2A -C suggest that p38 is more active in the advanced state of HCC progression, and loss of hepatic AR could lead to enhanced p-p38.
AR Reverses p38-Mediated Cell Anoikis Resistance. The pathophysiological consequences of AR-suppressed p-p38 in HCC were then examined by determining cell anoikis. 23 We first demonstrated that p38 could modulate cell anoikis in primary cultured HCC cells isolated from AR þ/y mice. As shown in Fig. 2D , addition of anisomycin, a p38 agonist, 24 could reduce cell anoikis significantly. We then examined AR effects on cell anoikis using primary HCC cells from 30-week (early stage) and 50-week (premetastasis stage) -old mice. We found loss of hepatic AR resulted in differential suppression effects on cell anoikis in 50-weekold tumor cells (WT: L-AR À/y ¼ 55% 6 6%: 20% 6 4%; P ¼ 0.01) as compared with those at 30 weeks (WT: L-AR À/y ¼ 78% 6 4%: 66% 6 6%; P ¼ 0.045) (Fig. 2E) . The AR differential suppression on two stages of cell anoikis reached statistical significance (P < 0.0001). Next, using small interfering RNA (siRNA) knockdown of AR (Supporting Fig. 1C ) in 50-week-old primary WT tumor cells treated with anisomycin, we tested AR and p38 effects on cell anoikis. As shown in Fig. 2F , we found that anisomycin reduces anoikis in the 50-week-old WT mice scramble (sc)-treated hepatic cells (57% 6 8% to 39% 6 4%; P ¼ 0.04). However, when comparing cells in the AR siRNA-treated groups we found that anisomycin has a more dramatic impact on reducing cell anoikis (36% 6 4% to 18% 6 0.4%; P ¼ 0.01) (Fig. 2F) . The AR-related anisomycin suppression on cell anoikis reached statistical significance (P ¼ 0.03).
Our data consistently show that anisomycin reduces anoikis and AR enhances anoikis; furthermore, anisomycin treatment of sc/siAR-infected WT primary cells (Fig. 2F) showed the anoikis between sc versus siAR RNA P ¼ 0.003, which is consistent with our hypothesis. When comparing anisomycin effect on scAR (lane 1 versus 2; P ¼ 0.04) and siAR (lane 3 versus 4; P ¼ 0.01) cells, the anisomycin was differentially impacted in sc versus siAR cells. Together, the results from Fig.   2E ,F suggest that the hepatic AR enhanced cell anoikis, at least in part, by modulating p38 phosphorylation.
AR Enhances Cell Anoikis Through Suppression of p-p38 in Human HCC Cells. To further confirm that AR could enhance cell anoikis in the HCC cells, we repeated those experiments using mouse HCC cells with human HCC cells using previously established SKARþ cells 7 (SKhep1 cell with AR stable expression) and HepG2-AR cells. 25 We demonstrated that addition of AR in the human HCC SKARþ and HepG2-AR cells resulted in increased cell anoikis (Fig. 3A,D) . We also demonstrated that addition of AR led to suppression of p-p38 (Fig. 3B,E) , and addition of the p38 agonist anisomycin reduced cell anoikis, whereas expression of AR reversed that effect (Fig. 3C,F) . A previous report indicated FasL expression was associated with cell anoikis, 26 which was also observed in our system (Supporting Fig. 2A) . Furthermore, anisomycin could reduce, although addition of AR could enhance, FasL expression while the cells were detached (Supporting Fig. 2A) . Together, the results from Figs. 2 and 3 strongly suggested that AR might increase cell anoikis by way of suppression of p-p38. As early studies suggested that cells with anoikis resistance ability is positively correlated with increased tumor metastasis, 23, 27 it is possible that higher AR expression could negatively modulate p38-mediated cell anoikis resistance in HCC progression, which might be one reason why hepatic AR could switch from promotion of HCC initiation to suppression of HCC metastasis at the metastatic stage.
AR Suppresses Cell Migration Through Suppression of Nuclear Factor kappa B (NF-jB)-MMP9 Pathway. In addition to cell anoikis, cell invasiveness (from one foci to multiple foci within the liver) is another important step contributing to the liver tumor metastasis. 27 We noticed that the expression of MMP9, an important liver cancer migration marker, 13, 28 was higher in the HCC tumors of L-AR À/y mice as compared with those in AR þ/y mice (Fig. 4A) . We then examined the AR effect on cell migration in the AR þ/y primary cultured HCC cells. As shown in Fig. 4B , knocking down AR with siRNA in the AR þ/y primary cultured HCC cells enhanced cell migration, and addition of AR in L-AR À/y primary cultured HCC cells reduced cell migration.
As knockdown of AR also increased migration, but not cell mobility, in SKARþ human HCC cells ( Fig.  4C; Supporting Fig. 2C ), we further examined MMP9 messenger RNA (mRNA)/protein expression in the SKARþ cells and found that the addition of DHT reduced MMP9 mRNA and protein expression (Fig. 4D ). As an early study suggested that prostate epithelial AR could suppress MMP9 expression by way of modulation of NF-jB activity, 29 we examined NF-jB expression in the mice HCC. Indeed, our data showed loss of hepatic AR led to higher expression/activation of NF-jB in 60-week-old livers (Fig. 4E) . Mechanistic dissection revealed that AR could suppress the tumor necrosis factor alpha (TNF-a)-induced NF-jBRE-luciferase activity 29, 30 and MMP9 promoter-luciferase activity in SKARþ human HCC cells (Fig. 4F) . Together, the results from Fig. 4, Supporting Fig. 2B ,C suggest that hepatic AR could also function through the NF-jB-MMP9 pathway to modulate cell migration ability to suppress HCC metastasis.
Better Therapeutic Strategy by Way of Combination Therapy of Targeting AR and p38 With Moderate Dose of Sorafenib. With the contradictory AR functions (tumor initiation versus migration/anoikis) taken into consideration in HCC therapy, we hypothesized that applying current molecular targeting agents (suppressing cell growth and migration) combined with the addition of AR (suppressing cell migration and anoikis) might benefit the current therapeutic paradigm. As the above results demonstrated that AR could play negative roles on HCC metastasis, we were encouraged to determine if we could enhance the therapeutic efficacy of HCC survival by targeting hepatic AR. Sorafenib (Bayer), a molecular target agent that has passed phase III clinical trials by way of targeting multiple kinases, yet has higher median inhibitory concentration (IC 50 ) on p38, 31 has been applied to treat advanced HCC patients with some benefits and fewer complications. 32 We first titrated the sorafenib dose in human SKhep1 HCC cells and found 5 lM of sorafenib had a moderate cytotoxicity effect during 2 days treatment (Fig. 5A) . Using this dose, we found sorafenib reduced ERK phosphorylation (pERK) significantly, yet had little influence on p-p38 (Fig. 5B, lane  3 versus 1) . However, adding AR with 5 lM of sorafenib resulted in abolished p-p38 (Fig. 5B, lane 4 versus  2) . Furthermore, we found that sorafenib treatment alone could enhance cell anoikis and reduce cell migration in the SKhep1 cells (Fig. 5C,D, lane 2 versus 1) , and addition of AR alone could also enhance SKhep1 cell anoikis and suppress SKhep1 cell migration (Fig.  5C,D, lane 3 versus 1) . As expected, the combination treatment of adding AR plus sorafenib resulted in additive enhancement of cell anoikis and suppression of migration (Fig. 5C,D, lanes 4 versus 3) . Similar additive results also occurred when we replaced SKhep1 with HepG2 cells (Supporting Fig. 3; Fig.  5E,F) .
To further prove the above in vitro findings from cell lines in Fig. 5 , we injected SKhep1 cells with or without AR expression (ARÀ or ARþ cells) into nude mice by way of tail veins to establish in vivo metastatic tumors. One month after cell injection we treated the mice with sorafenib or placebo orally (gavage feeding) at 30 mg/kg/mouse/day for another month and then were measured in ARÀ and ARþ cells using the immunoblot assay. Tubulin served as loading control. (C,F) AR reverses p38-mediated anoikis resistance in hepatoma cells. The methods are described in the Supporting materials. The data were from an average of four independent sets of experiments. Significant difference between two groups using Student t test with *P < 0.01, **P < 0.001.
observed HCC cancer survival rates and tumor metastasis. We found that addition of sorafenib improved cancer survival in ARÀ mice (P ¼ 0.0158), whereas most of the ARþ mice remained alive ( Fig. 6A ; P < 0.0001). We then examined the mice for metastatic tumors in pleural cavity, peritoneal cavity, lymph nodes, visceral organs, etc., at the time of death or sacrifice (Fig. 6B) . The results showed that tumors were mainly located in the lungs (Fig. 6C) and several visceral organs. After calculating the metastatic risk, we found that tumors could be observed in all ARÀ/placebo treatment mice. Injection of sorafenib improved the metastasis-free rate in the ARÀ group (28.6% metastasis free in sorafenib versus 0% placebo injection; Fig. 6B ). On the other hand, addition of AR without sorafenib injection (ARþ/placebo) led to 25% of mice being metastasis-free (compared with 0% in the ARÀ/ placebo mice), indicating that AR alone is able to suppress tumor metastasis. As expected, the combination of AR expression with sorafenib injection led to better therapeutic efficacy, with a significant increase of metastasis-free mice (66.7% versus 0%; P ¼ 0.0109). Together, both the in vitro and in vivo results from Figs. 5 and 6 demonstrated the beneficial and additive effect of combining AR expression and sorafenib treatment in the HCC therapy.
Discussion
Bimodal and Opposite Roles of Hepatic AR in HCC Initiation Versus Metastasis. Using either the DEN-induced HCC mouse model 7 or low-DEN with HBV-induced HCC mouse model, 25, 33 we demonstrated that hepatic AR could promote hepatocarcinogenesis. These findings were opposite the current findings showing hepatic AR could suppress HCC metastasis. These opposite roles of AR do not just occur in HCC. Indeed, AR in prostate cancer was also found to play dual yet opposite roles. 34, 35 Interestingly, the potential mechanisms for prostate AR dual roles could be due to the differential AR signals in different prostate cells: being a proliferator in prostate stroma NF-jB response element driven luciferase activity (NF-jBRE-Luci) was measured in SKARÀ and SKARþ cells treated with/without TNF-a (1 ng/mL) for 18 hours (right side). Thymidine kinase promoter driven renilla plasmid was cotransfected as control to normalize transfection efficiency. The results were averaged from three independent set of experiments containing triplicate results, *Significant difference with P < 0.05. cells, a survivor in prostate luminal epithelial cells, and a suppressor in prostate basal intermediate epithelial cells. 34, 35 In contrast, we believe the reasons for the hepatic AR dual roles in HCC initiation versus metastasis may be due to different intracellular signals within hepatocytes at different stages, as we demonstrated that hepatic AR-modulated p38 signals become more significant in HCC metastasis. However, we do not exclude the potential contributors originating from other liver cells. For example, Kupffer-macrophage cells with various cytokines expression have been reported to play important roles for HCC progression. 36 Our earlier report 37 also found that macrophage AR might influence wound healing by way of modulating TNF-a expression. Importantly, TNF-a could also trigger p38 activation 38 and plays an important role in HCC metastasis. 39 It will be interesting in the future to see if AR in Kupffer cells may also contribute to HCC progression.
Differential Expression of AR in Initiation Stage Versus Metastasis Stage. We noticed that AR expression was significantly reduced in metastastic tumors as compared with those in primary tumors in HCC patients ( Fig. 2A) . The reduced AR expression in metastatic tumors is echoed by early reports that AR expression in prostate metastatic tumors was lower than that found in primary prostate tumors. 34 Similar observations also occurred in bladder tumors showing 75% of early superficial tumors expressed AR as compared with 21% found in invasive tumors. 40 Interestingly, whereas all three types of tumors showed a similar conclusion that AR expression in metastatic tumors is less than that found in low staging primary tumors, the positive correlation of AR expression with tumor grades in the primary tumors during progression has never been established.
Inconsistent Clinical Trials Using Antiandrogens in HCC. Several clinical trials using various antiandrogens to treat HCC resulted in failed attempts without clear reasons. 11, 18, 20 Three hypotheses might be able to explain these controversies. First, earlier 7 and current studies pointed out that AR expression, but not the classical androgens concentration, play a key role to influence HCC. Yet most of the antiandrogens used in clinical trials were developed to reduce/antagonize androgens binding to AR. Second, conclusions drawn in this report (AR dual roles in HCC) implied that targeting AR should be stage-dependent. Third, the heterogeneity of cancer grading might result in differential cellular responses where the clonal selection process rapidly occurs within tumors. In this study we demonstrated the second possibility might be, at least in part, the potential answer. Potential New Therapy for HCC. Therapy with sorafenib to treat HCC showed better efficacy with less systemic toxicity. 32 However, complications with bleeding or even life-threatening consequences 41 remain concerns. Here we found that a combination of increased AR expression with a moderate dose (5 lM) of sorafenib resulted in better efficacy to treat HCC. Early sorafenib phase I clinical trials indicated that 6.0%7.7 lM (equal to serum concentration of 3.75%4.91 mg/L) of sorafenib resulted in effective treatment with tolerable complications. 42 Our finding that AR can be sensitized with a lower dose of sorafenib (5 lM) that results in robust therapeutic effects may provide an individual approach to treat HCC patients. Any potential compound(s) to increase/stabilize AR expression or technology to increase AR gene delivery into liver might provide a potential method to achieve this purpose.
To sum up, there are two major concepts offered in this study and worthy of future investigation. The first is to evaluate therapeutic efficiency by distinguishing ARþ patients before sorafenib intervention. We expect that patients with more ARþ in HCC metastatic tumors may have a better response and their dose of sorafenib can be lower to obtain the maximal therapeutic effect with fewer side effects. The second concept is to develop technologies that include increasing/ stabilization of AR expression or AR gene delivery in advanced HCC patients, combined with other molecular targeting agents to evaluate therapeutic effects. The cancer survival and P-value were calculated and drawn using the Kaplan-Meier estimator. *P < 0.05, ***P < 0.001. (B) Metastatic tumor in HCC metastasis mouse model. The mice from (A) were sacrificed or autopsied after 1-month treatment and observed for metastasis tumors. The P-values were calculated by two-tailed chi-square test where *P ¼ 0.0109 while comparing metastasis-free lungs in the SKARþ/sorafenib group to the other three treatments. (C) Metastatic lung tumor from tail vein-injected HCC metastasis mouse model. Three groups of mice lung shown from top to bottom are: ARÀ/sorafenib, ARþ/placebo, and ARþ/sorafenib. The ARÀ/placebo group was absent due to early death during treatment.
